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U.S. Naval Civil Engincering Research and Evaluation Laboro?ory
Port Hueneme, California

Project NY 420 010.5
Technical Memorandum M-097

TEST OF ANCHORS FOR MOORINGS AND
GROUND TACKLE DESIGN IN MUD BOTTOM

15 December 1954

R.C. Towne and J.V. Stalcup

SUMMARY

The U.S. Naval Civil Engineering Research and . -aluation
Laboratory conducted tests in a mud bottom to determine the holding
power of the BuDocks.designed steel, concrete-mushroom, and concrete
wedge-shaped anchors, and to compare the behavior and holding power
of these anchors with rhose cf the present type of stockless anchors,
with and without stabilizers.

Tests were conducted on Navy stockiess anchors, with and without

stabilizers. Holding-power-to~cnchor-weight retios in mud bottom averaged

3.31 to 1 with stabilizers and 2.66 to 1 withou. .rabilizers. It was con-
cluded that stabilizsrs should be installed on Navy stockless anchors
utilized in moorings in mud bottoms,

Additional tests wore made on BuDocks—designed anchors. Of
these the 7500~Ib concrete-steel anchor had the largest holding-power-
to-anchor-weight ratio, 2.92 to 1.

Tests ware also made on two new design Baldt mud anchors ond on
a Croseck anchor. The holding-power ratio, 6.62 to 1, of the 3170-1b
anchor was greatar than that of the Navy st-ckless anchors manufactured
by the Baldt Aachor Division.
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Comparative holding-power tests weie conducted on Lightweight
anchors and Danforth anchors. Average holding-power ratios were 3.18
to 1 and 5.87 to 1, respectively,

Two anchors using proposed new design criteria were designed and
fabricated ot the Luboratory. These provided an averoge holding-power-
to-weight ratio of 10.1 to 1 and 10.0 to 1, respectively. Maximum
holding power in mud of the anchor fluke angle was determined to be
50 degrees. It is recommended that o group or 'family' of mooring
anchors be developed utilizing the design criteria obtained from the
results of the sand and mud bottom tests.

PREFACE

Thesc tests are a continuation of the anchor tests conducted in
sand] during the period from 1948-1953. The sand test: ...'uced an
effeciive means of stabilizing stockless anchors, established the fluke
angle for obtaining a maximum holding power in sand, concurred with
the validity of the L2 law for holding power of an anchor, and provided
a basis for the design criteria of on improved mooring anchor.

These tests were mada in order to establish the holding power
and proper fluke angle of the present anchors in mud bottom and to
verify the proposed anchor design criteria. The Cooperation and assist-
ance fumnished by the San Francisco Nava. Shipyard, Hunters Point,
made it possible to complete these tests with a minimum of delay and
cost,
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INTRODUCTION

The Burecu of Yerds and Docks initicted these tests c3 @ means
of developing a stoble mooring anchor for utilization in vesssl moorings
ond ground tockle for floating structures such s drydocks, crones and
borges. The Bursou is responsible for the design ond constructior of
mooring focilitias 4o protect thate veusels from the combined forees of
woves, curtents, ond windi. Tests we.e to be conducted in sond, mud,
ond cloy bottoms in order to provide sufficient knowledge of onchor
reoction in these types of 1oil to foctuslly determine their holding power
ond to parmit development of enchor-design criterio.

These cnchor tests, conducted by the U.S. Naval Civil Engineer-
ing Retearch ond Evoluation Loboratory, Port Hueneme, Californio,
under Project NY 420 010.5 were mode in the mud bottom of San
Frencisco Bay c! the Son Froncisco Navel Shipyord, Hunters Point,
California.

ANCHOR TEST APPARAIUS

The test opparutus for mud bottom tests consisted of two 5 by 12
pontoon barges, used o carry the test equipment, ond a § by 14 pontoon
warp ng tug, used to drop ond retrieve the cachors. The test equipment
was composed of o 400, 000-ib copocity electric dynamometer to mecsure
the helding power of the onchors and a mocel BU-140 Skogit winch with
o six-part line for drogging the ancho  Tha winch was spooled with
2500 f2 of 1 3/8~in. diameter wirn rope, ond the wire rope wos reeved
through sheaves mounted on the two barges to form the six-port line.
One of tha 5 by 12 pontoon borges wos onchored with two 30, 000-1b
Novy stockless onchors ond the other berge wos ottoched o the test
onchor with suitable lengths of anchor chain. Figure 1 shows a general
view of the barges at Huntars Point during the tests. In this view the
test anchor is located beneath the buoy between the two farthet barges
and the buoy in the right foreground 1ncates ore ~ the 30, 000-Ik
stockless anchors used to hold the barges in prsition.



SOIL SAMPLES

Samples of the mud were toker in the poth of the onchor test
pulls down to a depth of 27 f1 L “lizing o 2-in. ~diometer Portar sompling
dovice. A lcboratory anclysis of the 101l wor conducted by the Twelfth
Navaol District Public Works Office, Sen Bruno. Californiz. Tests
performned on the semples included o mechenical enclysis Bee Figures 2
erd 3}, liquid ond plestic limits, specific gravity unconfined compression
tests, and conwlidotion dota (ee Tebla | ond Figures 4 to 9). Uncon-
fined compiession tasts wuee performed on the somples ot theis noturcl
water content. The rote of strgin wes maintoined between 1/2 per cent
to 1 1/2 per cent per minuta. The type of foilure is shown in Figure 10.
For the conswolidation tests, the specimens token in the field were ploced
‘n o fixed-riny consolidation device, seoted fimly, cnd looded in
increments as shown. Direct sheor tests were mode on the undisturbed
tpecimens, o3 token with the Porter sompler, in o consalidation—quick
condition, at o constont displocement of .05-in. per minute (see
Figures 11, 12, ond 13). Shecr tests were mode on somples token ot
o dupth of 22 1 only, becovse of the fluid nature of the matericl chove
thia depth. Triguiol shear data were obtained by conducting unconsolidated-
vrdreined tests on the somples os token with the Port - sampler (see
Figure 14). The test lateral pressure wos opplied instentancously ond
tho specimen sheared quickly, using u stressometer of the proving-ring
type to register the shearing lood. Volume chonges were noted during
the tests. Xate of stroin wos equal to cbout | per cent per minute (see
Figure 15).

The soil containzd approximately 60-per cent clay particles with
62-per cent walor content, ond the sheor resistance was .41 ton per
3q ft.

ANCHOR CHAIN TESTS

Test pulls of the anchor chain alone were conducted to determine
the resistance of tha chain drogging through the mud bottom. The
avercge holding power ofter 50-it drog of 450 ft, 340 ft, ond 270 £
of 2 3/4-in. anchor chain wos 13.9, 11.1, ond 7.6 kips, respectively,
and for 180 ft of 1 1/2-in. anchor cnain, 1.9 kips.

The proper anchor chain lengths for o 0-, ¢é~, or 12-deg chaia
angle at the onchor were obtained by the formulo presented in NAV-
DOCKS$ Mooring Guide .2



ANCHOR AND TEST INFORMATION

The holding pov *r3 of the onchors were recorded ot 5-t intervals
for o distance of 180 i1, thus providing data for plotting o continuous
curve of onchor holding power. The rotio of the holding power to
onchor weight in cir, HP/wi, c1 used in this report, is tcken after the
ancho: hes drogged o distance of 50 ft. Llonger distences of drog will
produce o lorger holding power; however, o distence of 50 ft bas been
salected as the manimum allowcble travel for moorings in confined
locations,

The vertical force required to breck the test onchors loose from
the mud bottom a: the end of sach test pull wes measured by meons of
@ stroin goge moun‘ed on the weorping-~tug winch line (see Figure 16).
The depth of water w23 opproximately 20 ft ot the test site.

NAVYY STOCKLESS ANCHORS. T..s present Novy stockless anchor
is designed tor shipboard operction end hes been odopted for mooring
use without modificatien. The 1500, 3000, 4000, 10,000, 20,000,
end 30,000-1b oll steel onches used for ter” were pulled initic!iy with-
out stebilizen ot o O—deg choiv angle only. Figure 17 shows o
typical Navy stockless onchor. tubsequently ecch individual onchor
wos equipped with o suitcble stebilizar (see Table 2) and wos retested
ot 0-, 6-, cnd 12-deg chain engles. The stsol-plote stchilizers ware
designed by the Burcou of Yords aid Dochs and hod been tested pre-
viouzly in sond bottom.! Six test pulls we- . mode on each ancher at
coch chain ongle. Figure 18 shows a typic.- stebilized anchor, and
Figures 19 ond 20 ore grophs of the test pulls wn the 10,000~1b anchor,
with end without stobilizers.

Toble 3 contains the holding power of ecoch ancher with and
without stobilizers, the fluke angle, the overoge olding rowears, minimum
holding power which occurred during the six test puils, the halding
power-to-anchor-weight ratio, depth of burial into the mud, ond the
averoge vertical force raquired to breck the onchor. loose fram the
mud bottom. The lorgest overoge HP/wt rctio ot 50 ft wos 5.60 i+ 1
for the 1500-1b archor. The averoge HP/wt ratio at 50 ft for oll st o
anchors wos 3.31 to 1. It wos observed during the initial tests on e
stockless anchor that the holding powers were not uniform which
indicated that the flukes were not opening properly. A stuay wos
made to determine this effect upon the holding powers of the anchors.



NAVY STOCKLESS ANCHORS - FIXED FLUKE. Three of the
Novy stockless enchors wora selected for thess 133t in order to study the
sffect of the fluke cngle upon the uniformity and cmount of the hotding
power. The 'fluke ongle, ' as used in this report, is the ongle subtended
bolween rthe thank ond the flukes, when the flukes cre rotated to ex-
treme open position.

The anchors uted were the 5000-, 10,000~, end 20,000-1b Navy
onchors with stehilizen. The flukes were fixed of open position end
the anchors were eoch pulied six times ot O0-deg chain angle. The
holding power ratios found during the previous tests wero increcsed from
2.85to 1, 24210}, end 2.21 101, up 10 3.53 10 1, 4.851t0 1 ond
4.3210 1, respectively. In odeition, the holding powers were more
uniform (sec Toble 4). Figures 21 1o 26 ore grophs of the test gulls on
tha cnchors with ond without tixed flukes.

BUDQOCKS DESIGN ANCHORS. Three steel onchars, o 750G-1b
concrate-ttuel, o 1430-Ib straight~plate, end a 1430-1b curved~plate,
were fobricated at the Loborotory for test (ee Figures 27, 28, ond 27).
The 7500-1b concrete-steel anchor wos tested ot 0-, 6~, ond 12-deg
chaia ongles while the remaining two anchors were ,.ulled ot a O-deg
chaoin ongle only. Rasults of tlese tests are shown in Toble 5. The
overoge HP/wt ratio was 2.92 to 1 for the 7500-1b concreto-steel
onchor ond 2,23 10 1, 2.44 1o 1, for the stroight-plate ond cu~ved-
plote onchors, respectively. Figures 30, 31, and 32 are grophs of the
test pulls for the three anchors.

SALDT DESIGN ANCHORS. The Anchor, Chain and Forge Division
of the Boston Metals Compony, Chester, Pe~~syivanio, furnished three
onchors fo. test, u 3170~1b Baldt, a 365C-1, Baldt ond o 3060-1b
Croseck (ses Figures 33, 34, ond 35). These anchors were ~ulied at
0-deg chain ongles only. Initicl tests on the 3170-1b Baldt anchor
indicoted that the flukes ware not opening in every test; thersfore, the
chain length was shortened to provide on initicl lift on tho enchor shank,
in effect oponing the flukes. The effect of this procedure was 1o
increase the HP/wt rotio from 2.686 10 1 10 6.62 1o 1. Results of the
tests ore contained in Table 5.

LIGHTWEIGHT ANZHORS. A 500-ib ond o 1000-ib Lightweight
anchor were tested ot 0-, 6-, ond 12-deg chain angles for compare~
tive purposes (see Figure 36). In addition, tests® were made on 2000-,
3000-, 4000-, ord 10,000-1b onchors for the Bureau of Ships. The
rezults are included in Toble 5. The largest HP/wt ratio was 3.90 to



1 for the 3000-1b onchor and the averoge HP/wt ratio was 3.18to |
for all the Lightweight archors. Figure 37 is a groph of the test pulls
on the 10,000-1b enchos.

DANFORTH ANCHORS. The Danforth enchors ore commercial
onchors patented by Mr. R.S. Danforth of Borkeley, California, und
wete loaned 1o the Laborotory for comparative test purposes. The
anchors testad weighed 2510, 2770, 4000, 10,000, ond 12,000 Ib.
The flukes of the anchors used in these tests were fobricated frem steel
plots rather thon cast or forged, wiih ite oxception of the 4000~ ond
10,000~1b anchors (see Figures 38, 39, 40, and 41).

The onchors wore pulied ot 0-, 6=, ond 12 deg chain ongle:
with the exception of the 185-1b onchor which was pulled ot O-deg
chain ongle only. Test rosults are contoined in Toblo 4. The lorgest
HP/wt rotio was 9.92 to | k. *he 2770-Ib anchor and the overoge HP/wt
ratio for oll the Donforth anchors wos 5.87 to 1. Figure 42 is o groph
of the test pulls on the 10,000-Ib anchor.

FLUKE-ANGLE TESTS. These tests were conducted in orde: to
estoblish the fluke angle which would prov” e the moximum holding
power for any onchor in mud bottem. The 2770-1b Donforth anchor
was vtilized in these tests because its construction pemitted the fluke
ongle to be recdily varied to lorge angles as it was onticipated that o
lorger fluke angle would be esteblished for mud bottom than was found
for sond boltom.

The enchor wus tested ot ¢ O-deg chain ongle with fluke angles
of 45, 50, 55, &0, 70, ond B0 deg. Figure 43 is o greph of the test
resulls. The moximum holding pow was found to occur at a fluke
engle of 50 deg. The HP/wt ratio ai this fluke angle was 20.5to 1.
This rotio is excessive {3 mud bottoms as explained in the Discussion
Section.

PROPOSED MOORING ANCHOR DESIGN. The Loboratory
fobricated two anchors, designed on the basis of the test results of the
mud and sond batiom teats, The first ancher, weighing 1620 {5 was
fobricated from steel plate, with movab!. flukes opening to o &0-deg
fluke angle, round stock stobilizers, r.ad o large-area tripping plate
attached to the flukes {see Figure 44}, This anchor was pulled ot 0-,
and 6-deg chain angles and the HP/wt ratio was 8.51 to 1 ond 7.69
to 1, respectively. The fluke angle was chonged to 55 deg and re-
tested ot a O-deg chain angle ond the HP/wt ratio was 10.1 10 1,



The Twkes of the 2900-Ib onchor were fobricated with a double
thickness of plate in order to increoss the weight ot this point and tend
to drop the flukes into the mud upon inilial setting. The shonk wos o
box section formed from plote to .10ke the shank lightar 20 o1 to tend
1o raise it upon initial setting in the mud. The fluke ongle wos 50 deg
(see Figure 45). The anchor was pulled at @ O-deg chain ongle only
ond the HP/wt ratio wos 10.0 30 1. Figure 44 is o groph of the test
results on the 2900-1b onchor. Results of the tests on both onchors are
conteinad in Toble 6.

CONCRETE ANCHORS. The concrate onchors, built in occord-
ance with the Bureau of Yords and Docks instructions, consisted of one
10, £00-1b wedge type (Figurn 47), one 10, 500-ib mushcoom type
(Figure 48), ond four 2500-1b mushroom type (Figure 49).

The two 10,500-1b onchors ond the four 2500-1b onchors ware oll
tested? ot 0-, ond 6-deg choin angles immediately ofter sotting, and
ot O—deg chain angle after sotting 24 hours ond after setting in the mud
14 doys. The four 2500-ib onchors ware pulled in tandem, close-
coupled.

Results of the tests cre contained in Toble 7. The 10, 500-1b
wedge and mushroom onchors cach hod o HP/wt r=tio of 1.18 to 1 ofter
setting 14 doys os compaied to @ HP/wt ratio of .83 to 1 when pulled
immediately after setting.

DISCUSSION

The fixed-fiuke type of onchor has on Jvontoge over movabia
fluke anchors when operating in mud bottom os no tripping device is
required for the flukes. However, becouse of the fixed position of the
fiukes, it is necessory to lower the ancher to the bottom with the
flukes pointed down, insteod of simply dropping the anchor overboard.
Lowering the anchor requires odditioncl equipment such as a barge
crane or warping tug that may nnt always be avoilable.

It was apparent during the tests on the Novy steel onchors thet
the flukes were not opening properly in every test as the maximum ond
minimum holding powers varied considerably for the six test pulls. The
effect of the stehilizers on the ancunt of enchar holding power could
not be deterined accurately due to this inability of the Navy .tockless



onchort to dig into the mud on every pull; however, it oppecred likely
from the dota that the increase in helding power due to the oddition of
stobilizers wos cpproximately 25 per cent. The stobilizer creo cmounted
to an overoge of &0 per ~ent of the fluke ares for eoch onchor. Thers
oppecred to bo on insufficient area in the fluke tripping plates to Hit
the fiukes ond stort them into the mud. By shortening the chein length
ond thus providing on initial lift on the shank, the flukes tended to

bury more consistently and by chonging the chain ongle to 6 deg the ini-
tial holding power octually increased in some instances. Howevar,

the fincl holding power then would decrecse due to the shorter chain
langth and the flukes were still not successfully tripped in every test.
This was apporent when the fluke ongles of the anchors were fixed in
open position ond the holding powers were increased and were nvire
uniform (refer 1o Figures 21, 22, ond 23).

The onchor flukes are forced upward due to the veitical reaction
of the mud ogainst the bottom area of the flukes os thay settled through
the soft mud. Thetafore a tripping plate with sufficient area to over-
come this mud reaction ogainst the flukes must be provided or the
onchor will skid clong with the flukes in a raised position.

Becouse of the decreaso in omount of sheer resistonce in the mud
bottom a3 compared with sand bottom, less force is required to bury che
anchor ond, therefore, the fluke angle may be larger. This wns re-
flected in the fluke ongle tests which indicated a fluke angle of 50 deg
would provide the largest holding power compored to o 35-deg fluke
angle for o sond bottom. The fluke cngle may bo varied from 50 dog
to 35 deg simply by fabricating the anchor with the larger ongle ond
inserting ¢ wadge between the shank and the stop to reduce the ongle.

The soil at the test site was termed mud’ because of the large
water ccntent in the silty clay material that produced s low shear valua.
However, the mechanical composition of the wil showed 60 par cent
clay content and this indicated that ot o certain depth, opproximately
22 ft, the matericl would be firmer ond would result in much larger
holding powers comparab'e to those of a 'cloy’ bottom. This was
opparent in the tests with two Laboratory anchors, the 2770-Ib Danforth
onchor ond the 3170~ Baldt anchor. Tha design of these onchors
encbled them to bury themselves to a considerable depth, as much as
24 ft for the 2900-Ib Loboratory anchor and, therefore, the resulting
holding powers are not to be compared in the strict sense with Yaud’
bottom holding powers. However, the cbility of anchors of this design



to penetrate soft mud layers end 15 bury into fimer underlying straro
are odditional odvantoges as the holding power is dependent upon the
moment of the projected fluke area plus the stabilizer area cbout the
ground surfoce. Figure 50 is ¢ groph of the test rezults showing this
relationship.

CONCLUSIONS

The fllowing conclusions are beosed on results of tests conducted
in mud ond sand bottoms. They do not cpp!y to the onchors tested here

nor to similar enchon under dissimilar bottoms such os morl or rock.

The Navy :tockless anchor may be prevented from roteting by
oddition of the Bulocki~designed steel-plate stobilizer welded in o
potition nomal to the flukes. This stcbilizer will provide o more uniform
holding power for the anchor and will increcse the holding power in
mud bottoms slightly and opproximately 10 per cent in zond. Stobilizers
ore required in mud ofter the enchors hove buried sufficiently to en-
counter a soil reaction that produces o tational torque on the enclor.

Changing the fluke ongle from 35 deg to 50 oeg incroa:ed the
holding power opproximately 100 per cent,

The ratio of holding power to weight of the 7500~lb conzrate-
steel anchor, 2.92to 1, is comparcble to the rotio for the stobilized
Navy steel enchors in mud, 3.31 to 1. These :imilor ratios ore due to
the small fluke ongle, 28 deg, on the 7500-lb anchor. The fixed
position of the shank on the 7500-1b anchor would be a marked dis-
odvontoge if tha onchor was to be utilized  both mud ond sand bottoms.

The breck-~out forces for tha Loboratory ond Donforth anchors
were larger thon for the stockless anchors bacouse of the additicnal
depth of burial. The breck—out force tended to vary directly with the
final holding powers.

The anchors having relatively long thin flukes and least restric-
tion to burial, such as the Loboratory, new Baldt, Croseck, Donforth
and Lightweight anchors, produced the larger HP/wt ratios.

Fixing the flukes of the steel Navy anchors in an open position
incraases the holding power but requires the cnchor to be initially
sat in an upright position.



Design criteria for 6 mooring onchor operating in o mud bottom
o3 determined from these tests woild bo os follows:

o. Lightw ight, fobricoted from steel plote.

b. Two flukes which con rotate to o 50-deg ongle from
the shonk. Fluke area of the onchor to be depsndent
upon the required holding power. Length ond width
of the flukes to be proportioned to produce the maximum
moment or .olding power.

c. A fluke tripping plate of sufficient area and slope to
overcome the resistance of the mud on the lower side

of the flukes upon initial setting,
d. Cbstruction to anchor buric! to be restricted to o

minimum.
e. Adequate-size stobillzers to prevent rotation of the

onchor.

N RECOMMENDATIONS

It is recommended that stcbilizers be  3ded to Novy stockless
anchors which are to be used in moorings or ground tockle in o mud
bottom,

Because of the size of the stabilizers ond the odded shipping
cuboge involved, the stobilizers should be stored ond shipped as
saparate items from the onchors.

It is recommended that o group >r family' of low-cost, light~
: woight mooring anchors be develope. ro cover the entire ronge of
required holding powers.

Design criterio for these mooring anchors should be based on the
- results of the sand ond mud bottom tests.
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TABLE 1. Soil Analytis Dato

Hole Sample Elev. | Unit weight | Moist content Unconfined compression
No, No. depth | (dry Ib/cu )| (% dry weight) (ton/sq 1)
1 1 4 72 9.6 collopsed undes own wi
2 5 73 v4.7 zollopsed under own wit
3 10 77 47.1 -ollopsed under own wt
4 15 4 73.7 .0732
5 15.5 75 68.8 .0488
6 16 75 69.6 .0732
7 20 75 76.1 .0488
8 2.5 75 82.6 L0793
4 21 75 7.9 0976
10 24 75 AN L0975
13 24.5 76 69.6 219
12 25 76 74.6 .1077
2 1 5 72 105.6 collopsed under own wt
. 2 9 72 129.3 L0244
. 3 9.5 74 81.8 o7
4 10 74 75 7 .0365
5 14 73 77.2 L0427
6 14.5 74 81.5 .0390
7 15 75 78.3 0427
8 19.5 74 81.5 .0367
9 20 75 7.0 .0402
10 24.5 75 7.3 .0390
n 25 75 67.7 .0975
3 1 21.5 73 103.0 collapsed undor own wt
2 22 74 9.9 collopsed under own wt
3 22.5 74 102.8 collopsed under own wt
4 23 75 88.7 collopsed under own wt
N 5 2.5 76 77.9 L0244
é 24 74 9.1 collopsed
7 24.5 75 81.8 .0293
) 8 | 25 73 78.1 .0220
9 25.5 74 9.4 .0242
10 26 75 82.5 .0348
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TABLE 2. Anchor Stobilizers

Anchor wr Stcbilizers
(Ib) length width thickness

Novy stockless 1500 | 21 6 1/2
Navy stockless 3000 0 13 1/2
Novy stockless {00 42 16 1/2
Novy stockless 1000 | 3 19 3/4
Navy stockless 20000 , 45 2 i
Navy stockless 30000 50 yal 1
Denforth 2510 1.5 4 1/2 round
Danforth 2770 | 51.5 | 41/2 round
Danforth 4000 56 5 round
Donforth 10000 62.5 51/2 round
Donforth 12000 R2.0 10 tound
Loborotory 1620 | 36 31/2 round
Loboratory 2900 48 3 1/2 scund
Concrete-steel 7500 30 12 1
Bold? 3170 18 29 3
Bold? 3456 15 3 round
Croseck 3060 24 4 1/ round
BuDocks 'straight’ 1430 18 9 1
BuDocks ‘curved’ 1430 24 9 1
Lightweight 500 23 2 round
Lightweight 1000 | 2 2 1/2 cound
Lightweight 2000 | 34 3 round
Lightweight 3000 | 46 31/2 round
Lightweight 4000 | 46 4 1/4 round
L'ghtwaight 10000 56 51/2 round
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Figure 10, Unconfined compression test failure
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Figure 16, Strain goge used to measure break~out force of anchors
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